SUMMARY This study has investigated the possible association between duodenogastric reflux, gastritis, and symptoms in 35 patients with or without dyspepsia one to 15 years after gastric surgery. Five patients were excluded because of biliary disease, hiatus hernia, or recurrent ulceration. The remaining 30 were assessed by a symptomatic score, measurement of bilirubin and sodium concentrations in samples of fasting gastric juice, endoscopy, gastric biopsy, and the presence of radiological reflux. In 15 patients with a symptom score of less than the median, gastric bilirubin levels were less than 1 mg/100 ml in 80%; severe endoscopic changes were seen in only one patient and reflux was not observed. In contrast, in patients with a symptom score in excess of the median fluoroscopic and biochemical reflux was seen in 69 and 80% respectively and severe mucosal hyperaemia in half. There was a significant correlation between symptoms, gastric hyperaemia, and duodenal reflux (P < 0-02).
The clinical material for this study was provided from two sources. There were 17 patients who were referred because of recurrent dyspepsia after previous gastric surgery and 18 who had replied to a postal questionnaire. The latter were selected because of their willingness to attend hospital for investigation and because analysis of their replies showed that they had no complaints. A preliminary barium meal and cholecystogram was performed on all patients. Following this, three individuals were excluded because of gallstones or hiatus hernia whilst two more were subsequently excluded because of endoscopic evidence of recurrent ulceration. Apart from one patient in the group replying to the postal questionnaire with a hiatus hernia, all of the other patients who were excluded were those referred with postoperative dyspepsia. Of the remaining 30 patients, 17 were those who had volunteered for study and there were 13 who complained of postoperative symptoms. These subjects formed the basis of further study. There were 25 male and five female subjects, whose ages ranged from 24 to 64 years with a mean of 42 years. The following operations had been performed: truncal vagotomy and pyloroplasty (14), Billroth I partial gastrectomy (6), proximal gastric vagotomy (4), selective vagotomy with or without pyloroplasty (2), Polya gastrectomy (1), pyloroplasty (1), and two patients who had undergone more than one operation.
The following parameters were measured during this study.
SYMPTOMS
Eight symptoms (fig 1) were chosen for analysis because previous studies had listed them as being common in patients with duodeno-gastric reflux (Kilby, 1970a; Johnson, 1972) . The patients were given a specific questionnaire, on which they were asked to list the presence and indicate the severity of these symptoms. After the validity of the replies had been checked by interview, a symptomatic score was calculated by the sum of the score of each symptom. To correlate the various measurements made in this study with the degree of dyspepsia patients were divided into two groups of equal size. For this purpose the median point on the distribution curve of the symptom score was used (Haber and Runyon, 1969 
Results
The maximum bilirubin concentration of fasting gastric juice was greater than 1 mg/100 ml in only three of the 15 patients (20%) from group A. In contrast, there were 12 patients in group B in whom the maximum bilirubin concentration was greater than 1 mg/100 ml (80%) and in five of these this was in excess of 4 mg/100 ml ( Table III Relationship between individual sodium and bilirubin concentrations in fasting gastric aspirate logical reflux was also associated with severe changes on endoscopy (p < 0 01) (table IV). The duodenum appeared to be nearly twice as active in patients with radiological reflux than in those without, the number of contractions seen per minute being 12-9 ± 4-1 (ISD) and 6-4 ± 3 9 (ISD) respectively.
Discussion
There is evidence that duodenal fluid entering the stomach may be an important cause of localized gastritis and even peptic ulceration (Lawson, 1964; Rhodes, Barnado, Philips, Randolph, Rovelstad, and Hofmann, 1969) . Duodenal reflux is also associated with flatulent dyspepsia and severe symptoms (Johnson, 1972; Kilby, 1970a Table IV Relationship between radiological reflux, bilirubin concentration, and endoscopic appearances mucosa (Grant, Grossman, Wang, and Ivy, 1951) .
Also, bile salts can destroy the normal mucosal barrier allowing the transmural flux of hydrogen ions into the cells with a loss of sodium into the gastric lumen (Davenport, 1968; Chapman, Rudick, Dyck, Werther, and Janowitz, 1969) . For this reason the sodium concentration of gastric juice has been used as an indicator of reflux (Fiddian-Green, Russell, and Hobsley, 1972) . The effect of reflux on the gastric mucosa appears to be even greater when bile and pancreatic juice enter the stomach (Lawson, 1964) particularly where there is normal or excessive gastric acid secretion (Kilby, 1970a). Very much less is known about the importance of intragastric bile and pancreatic juice as a cause of symptoms and gastritis after operation. It has been shown that the normal pylorus prevents the reflux of duodenal contents into the stomach (Kilby, 1970a ).
These observations have also been confirmed by measuring the bile acid concentrations in fasting and postprandial gastric juice in normal subjects (Black, Roberts, and Rhodes, 1971) . It has been suggested, therefore, that any operation interfering with this mechanism will predispose to duodenal reflux (DuPlessis, 1960; Kilby, 1970b) . Regurgitation of duodenal juice has also been reported as being associated with gastritis and symptoms after gastric surgery (DuPlessis, 1962; Toye and Williams, 1965; Capper, 1967) . Kilby (1970a) studied 30 patients after gastric surgery by the method described by Capper (1966) . Using 150 ml of a heavy barium suspension, the pyloroplasty or gastroduodenostomy was invariably found to be incompetent. However, in his method the tube was left in the duodenum during the entire screening period and it is possible that this may have facilitated reflux, particularly in patients studied after operation.
In the present method of investigation a smaller volume of a more physiological barium suspension was used in order that the osmolarity and the bolus effect of the barium should be less likely to have a stimulant effect on duodenal contraction. Withdrawal of the tube into the stomach before assessing reflux was also used in order to avoid an artificial means of invoking duodenal activity. What has been observed therefore is the direction and amplitude of duodenal peristalsis rather than the apparent incompetence of the duodeno-gastric junction. Under the conditions of this study duodenal contents ejected in a retrograde manner were related to symptoms and endoscopic evidence of mucosal hyperaemia.
Although the concentration of bilirubin in the gastric aspirate and the presence of bile seen endoscopically are associated with symptoms, it is by no means clear from this study whether it is bile itself or some other substance in the duodenal juice which is responsible for these mucosal changes. Bilirubin was used merely as a marker of duodenal reflux. Alkaline gastritis is probably due to the effect of trypsin and bile salts on the gastric mucosa. All the samples of gastric aspirate in this study had a pH of greater than 2-0. Nevertheless we always immediately added a bicarbonate buffer to the aspirate to ensure the stability of the bilirubin pigment which is known to be unstable at a pH of less than 2-0.
We were not surprised to find a poor correlation between histological evidence of gastritis and the macroscopic appearances of mucosal hyperaemia. This was probably related to the large number of different operations which was responsible for the lack of uniformity in anatomical structure of stoma or pyloroplasty biopsies. The only satisfactory way to compare the histological changes in relation to symptoms and reflux would be to examine gastric biopsies taken within each operation group. The numbers in this study were too small to allow such a comparison. Even if this were possible gastritis has a patchy distribution making comparisons even at specific sites unreliable. What is more, previous studies have also shown a poor correlation between endoscopic appearances and histological changes in patients with gastritis before operation (Morrissey, 1972; Thomas, Hall, and Hislop, 1973) .
One further problem is the wide differences between the time of operation and follow up. Nevertheless it is our impression that symptoms often take between one and five years to develop after surgical treatment. For this reason further studies will be necessary in more closely defined operation groups at a specific period of follow up. It is also possible that some of the symptoms which we chose occurred more frequently in patients with duodenal reflux than in others. In order to investigate this point, the number of patients with a maximum bilirubin concentration of greater than 1 mg/100 ml was related to each symptom ( 
